Introduction
There has been an interesting issue in multimedia communications over wireless system in recent years. In order to achieve high data rate wireless multimedia communications, spatial multiplexing technique (Foschini & Gans, 1998; Wolniansky et al. 1998) has recently developed as one of the most noteworthy techniques as multiple-input and multiple-output (MIMO) systems. If the channel state information is perfectly available at the transmitter (Driessen & Foschini, 1999; Burr, 2003) , we can maximize the channel capacity to design a realizable video transmission system. Under channel capacity limitation, the chapter presents how to employ joint source-channel coding algorithm with adequate modulation techniques to get the possibly best performance in the system design. Adaptive video coding to the varying channel conditions in real-time is well matched to MIMO systems for an optimized video transmission. An important matter in designing adaptive video transmission system is how often the feedback of the channel state information should be carried out. In fact, the feedback interval is mainly decided by the channel characteristics. For wireless fading channels, the feedback information needed to be able to capture the time varying channel characteristics for a true adaptive transmission. Song & Chen (2007 , 2008 proposed adaptive algorithm design to utilized partial channel state information from receiver for layered scalable video coding (SVC) transmission over MIMO system. There are some interesting topics related in adaptive video transmission over wireless multimedia communication systems can be found in (Chen & He, 2006) . In our proposed system, we investigate the system performance of a joint MPEG-2 coding scheme with convolutional channel coding and space time block coding (STBC) techniques, associated with suitable modulation method (BPSK or QPSK), for video data transmission over a wireless MIMO system with Rayleigh fading noises. Rates assigned to MPEG-2 source code and convolutional channel code as well as space-time block code schemes are based on the feedback information from Performance Control Unit (PCU) under system channel capacity limitation, which ensures the proposed system achieved the best performance compared to a conventional designed system. In a conventional way, source coding and channel coding are designed to accomplish the best system performance respectively. With simply combining the best source coding scheme with the best channel coding scheme together, the system does not promise a better overall performance.
Consequently, the present algorithm employs joint source-channel coding scheme and MIMO concept to get the best performance in the system design over fading channel. We are interested in the joint source-channel coding with modulation scheme design under the channel capacity constraint consideration in a MIMO system. Figure 1 shows joint source-channel codes under the combination of various source coding rates and various channel coding rates. Source coding is concerned with the efficient representation of a signal. While bit errors in the uncompressed signal can cause minimal distortion, in its compressed format a single bit error can lead to significantly large errors. For data, channel coding is necessary to overcome the errors resulted from transmission channel. We have noticed that combining source coding with adequate channel coding, we should be able to achieve a better system performance. Assuming that the overall system transmission rate r = k/n, where k is the source coding rate and n is the channel coding rate. In Fig. 1 , we have found that a better performance (with a lower distortion) can be promised when we increase the source coding rate k, while we increase the channel coding rate n, a higher bit error rate (a lower system performance) happened under the same E b /N 0 , signal-to-noise ratio (SNR) criterion. Therefore, we would like to design a transmission system with higher source coding rate k but lower channel coding rate n to achieve a higher overall transmission rate r. Since the overall transmission rate r is under channel capacity limitation, we have to justify the concept with proper method to design transmission system. The overall transmission rate r can be obtained by source coding rate k cooperated with channel coding rate n. We will not satisfy the system performance while we have a high source compression ratio (lower k) with strong channel protection (lower n). In turns, if we apply a low source compression ratio (higher source coding rate k with low distortion) but a high channel coding rate n (weak channel protection capability) to the system, which may result in higher bit error rate (BER) performance, we are not satisfactory with the reconstructed signal from the received high BER data. It is quite clear that we have to find a better match between source coding rate and channel coding rate to assure an acceptable system performance.
The most significant criterion in designing a transmission system is the channel capacity limitation. The available channel capacity restricts the overall transmission rate r, which is the rate between source coding rate k and channel coding rate n. We have to consider source coding rate, channel coding rate, and the corresponding modulation type all together simultaneously to cope with the channel capacity limitation. Assuming channel capacity limitation is one bit/transmission, we are asked to keep overall transmission rate r ≤ 1 bit/channel-use, which can be achieved only with k ≤ n. Therefore, we will keep our system rate design with r ≈ 1 and r ≤ 1, that is, k ≈ n and k ≤ n. Furthermore, space-time block coding (STBC) algorithm was introduced (Alamouti, 1998; Tarokh et al., 1999) as an effective transmit diversity technique to resist fading effect. For a fixed number of transmit antennas, its decoding complexity increases exponentially with the transmission rate. The proposed algorithm employs joint source-channel coding scheme with STBC technique to get the best performance in MIMO systems design.
Outline
The rest of the chapter is organized as follows. Section 2 describes the system configuration adopted in this proposed algorithm. Experimental results for performance of the overall adaptive video transmission system compared with a conventional scheme over Rayleigh fading channel are shown in Section 3. Finally, a summary and conclusions are presented in Section 4.
System configuration
We are interested in the joint source-channel coding with modulation scheme design under the channel capacity constraint consideration in a MIMO system. We have applied the integrated transmission system design method (Daut & Ma, 1998) for digital transmission of video signals over noisy channels. To transmit a given video bit stream efficiently, we propose a joint source-channel coding system as shown in Figure 2 . In this proposed system, the video sequence is first source coded by a MPEG2 scheme (Sikora, 1997) . In order to reduce the system complexity of decoding, after the source coding stage, we use convolutional code and STBC in channel coding. The interleaver is adopted which is effected resisting burst error in wireless channel. There are two modulation techniques employed to be selected, BPSK or QPSK. The channel capacity is limited to one bit/transmission.
MPEG2 video source coding
The proposed adaptive video transmission system has been experimentally tested using an MPEG2 source coding algorithm provided from MPEG.ORG website. Figure 3 shows the video coding and decoding block diagram of MPEG2 scheme, in which we can change the coding bit rate of MPEG2 to obtain the required source compression ratio. In the proposed system, there are three MPEG2 video coding rates adopted and the resulted compressed video frames compared with the original test video is shown in Fig. 4 . The source coding scheme is MPEG2 format and there are 160×120 pixels in every frame. It can be seen that the video quality is better with MPEG2 coding rate 0.6659 bit/pixel (bpp) among the three tested coding rates.
Original captured video
Coding rate: 0.4994 bpp Coding rate: 0.3986 bpp Coding rate: 0.6659 bpp 
Channel coding -convolutional coding and space-time block coding
In order to reduce the channel error effect and to improve the system performance while transmitting video signals over wireless channel, we have employed the convolutional encoder and maximum-likelihood Viterbi hard decision decoder for channel error correction. Figure 5 shows a typical 1/2 recursive systematic convolutional (RSC) code scheme with generator function Proakis, 2001) . After the convolutional encoding, the processed data is fed into a random interleaver to reduce burst error effect in wireless channel. The convolutional coding rates provided in this proposed system are set as 2/5, 1/2, and 2/3, respectively. The channel coding rate selected is corresponding to the MPEG2 source coding rate to satisfy the channel capacity limitation to one bit/transmission. For the system simulation, we have adopted two modulation types: BPSK and QPSK. The corresponding coding rates and modulation types are listed in Table 1 . In order to receive a decent quality video sequence over wireless MIMO system with good coding gain real time, we have selected convolutional code and space time block code (STBC) for the channel coding. It has been known that a transmission system with antenna diversity can achieve reliable communication over wireless channel. Antenna diversity is achieved by employing spatially separated antennas at the transmitter and/or receiver. The advantage with multiple antennas scheme is that it results in a drastic increase in the channel capacity (Foschini & Gans, 1998) . Alamouti (1998) introduced an efficient scheme which involves using two transmit antennas and one receive antenna (2×1 STBC code) for a wireless communication system. Tarokh et al. (1999) Table 1 . Corresponding source-channel coding rate to achieve transmission rate, r ≈ 1 bit.
provide any coding gain, therefore, it may need to be combined with an outer channel coding scheme to provide such coding gains. We then select convolutional code and space time block code for the channel coding. To simplify the analysis, we consider the simple STBC G 2 encoder (Alamouti, 1998) 
It can be found that, at time T, the first antenna sends out symbol S 1 and the second antenna sends out symbol S 2 ; at time T+1, the first antenna sends out symbol -S* 2 and the second antenna sends out symbol S* 1 . It is easy to show that the inner product of matrix G 2 is zero, which means the data within matrix G 2 are orthogonal to each other. The space diversity types applied in this proposed system are 2×2, 2×1, and 1×2, respectively. Figure 6 suggests a 2×2 STBC G 2 coded diversity transmission block diagram. The received signals can be represented as follows,
where 
Assuming that the channel impulse responses can be fully estimated, we then are able to reconstruct 1 S and 2 S with the received signals, r 1 , r 2 , r 3 , and r 4 by the following equations: 
Substituting r 1 , r 2 , r 3 , and r 4 from equations (2) ~ (5) into equations (7) and (8), we have, To realize the channel coding rate effect under wireless Rayleigh fading channel with AWGN noise conditions, we have performed the experiment for 2×2 system antenna structure with three convolutional coding rates: 2/5, 1/2 and 2/3, respectively. The resulted system performance is shown in Figure 7 . The system performance is improved with lower channel coding rate in the experiment. It can be found from Fig. 7 , rate 2/3 convolutional coded system is with the worst bit error rate (BER) performance, where rate 2/5 convolutional coded system shown the best BER performance at the same SNR conditions. On the other side, system with lower channel coding rate (2/5 in this case) resulted in slower overall transmission rate. Therefore, if we may alternate the source coding rate corresponding to the channel coding rate, we are able to remain a consistent transmission rate which achieves channel capacity with considerable system BER performance. Fig. 7 . Bit error rate (BER) performance of three concolutional channel coding rates under Rayleigh fading channel with AWGN noise in a 2×2 MIMO system.
Performance Control Unit (PCU)
Rates assigned to MPEG2 source coding and convolutional channel coding schemes as well as STBC space diversity selection are based on the feedback information from Performance Control Unit (PCU) under system channel capacity limitation, which ensures the given www.intechopen.com system achieved the best performance compared to conventional systems. PCU is the key components in the adaptive system design, where we have assigned three PCU states to report the changeable overall transmission status as shown in Table 3 . System state assignment of PCU
We adopt first-order Markov chain to describe the system states transfer (Daut & Ma, 1998) . The present state is associated with the one-step adjacent state as shown in Figure 8 . We have set-up three states to collaborate with the variable Rayleigh fading channel conditions. The three states is arranged to form a circular situation where the state transition is made according to Table 3 , the system state assignment of PCU. On Fig. 8 , H is the output status index of the PCU. We have assigned that, H = 0 is the "state A" index, system with good channel condition and a fast channel coding rate (n = 2/3) is assigned; H = 1 is the "state B" index, the channel is in an "OK" condition and the transmission data need more protection (channel coding rate n = 1/2); H = -1 is the "state C" index, channel condition has degraded and the channel code with good protection has to be utilized (n = 2/5). In the simulation experiment, we first send Command Testing Sequence (CTS), consisting of 10 bits stream of "1", which is attached in front of the transmitted data stream as shown in Fig. 9 . After receiver been channel decoded the received data sequence, the BER information of the CTS is fed-back to the transmitter site as a status index H to a d j u s t t h e n e x t transmission status as shown in Table 3 .
System performance analysis
Under the channel capacity constraint, which we assumed in the simulation experiment is 1 bit/transmission; we have proposed an adaptive MPEG2 video transmission over wireless MIMO system. Based upon the feedback information index from Performance Control Unit, we adjust the compression rate of MPEG-2 video coder jointly with associated convolutional channel code rate to reach the 1-bit channel capacity limitation. We have also utilized the space diversity with 2×2, 2×1 or 1×2 antenna configurations to obtain an accessible system performance. We have adopted three types of rate assignment as shown in Table 1 . According to the feedback error rate information from test sequence as shown in Table 3 , we can choose adequate joint code rate assignment (system state, Fig. 8 ) with suitable space diversity STBC to achieve the best system performance.
Experiment procedure
System transmission simulation is based on the system block diagram shown in Fig. 2 . The experiment procedures are provided as follows, (1) capture video image streams from video camera and applied MPEG2 video coding scheme to produce a better data compression ratio and then stored as an MPEG file (*.mpg); (2) the MPEG2 coded video file is fed into a convolutional encoder, a random interleaver (size = 1024), M-PSK modulation and STBC encoder, consecutively; (3) the resulted data streams are transmitted through wireless Rayleigh fading channel with AWGN noises. For the proposed adaptive video transmission system, we have assigned three combinations of the joint source-channel code transmission rate adjusted to be nearly but not greater than 1 bit/transmission (r ≈ 1 and r ≤ 1) associated with proper M-PSK modulation scheme (as listed in Table 1 ).
The system simulation transmitted a total of 30 video frames, each transmission (10 video frames) will be added up a 10 bits Command Testing Sequence before transmitted over wireless channel consisting of Rayleigh fading and AWGN noises. With appropriate selection of receiver antenna numbers (as shown in Table 3 ), we have gained space diversity to improve system performance. At the receiver end, de-modulation, de-interleaving, and de-coding procedures are provided to reconstructed MPEG video. After received the feedback error rate information of the CTS sequence, a status index H of the PCU is fed-back to the transmitter site to adjust the next 10 video frames transmission status as shown in Table 3 .
Simulation results
The bit error rate (BER) performance versus SNR for different space diversity schemes over Rayleigh fading and AWGN channel is shown in Figure 10 . It is assumed that the amplitudes of fading noise from each transmitter antenna to each receiver antenna are mutually uncorrelated Rayleigh distributed and that the average signal power at each receiver antenna from each transmitter antenna is the same. Furthermore, we assumed that the receiver has perfect knowledge of the channel conditions. The simulation results of two transmitter antennas and two receiver antennas (2×2) STBC coded system shows the best www.intechopen.com BER performance at higher SNR values (> 10dB), while the worst performance goes to the 2x1 STBC coded system. The proposed adaptive coding system with 2x1 (in this case, number of antenna is fixed) space diversity can improve the system performance especially in lower SNR (< 10dB) situation, and with close performance as the 2x2 STBC coded system in SNR > 10 dB environment. The BER system performance can be improved more with adaptive receiver antenna numbers (as given in Table 2 ) of the proposed scheme as shown in Figure 11 . It is about 2.5 dB SNR gain at the same BER condition for the proposed system. We have extended the total transmitted video frames to 100 for the experiment, each transmission (10 video frames) is added up a 10 bits CTS before transmitted over wireless Rayleigh fading channel. From Figure 12 , we have noticed that the proposed adaptive coding system with 2x2 (fixed antenna numbers) space diversity is outperformed the conventional systems: 2x2 STBC coded scheme, 2x1 STBC coded scheme, and 1x2 maximal ratio receive combining (MRRC) scheme. Figure 13 shows the reconstructed video frames of the proposed PCU controlled adaptive system (in Fig. 10 , SNR = 9 dB, BER ≈ 7x10 -4 ). 
Conclusions
Video transmission over MIMO systems offers numerous new research opportunities. Lots of new researches are originated from the fundamental change in data transmission from single link to multiple simultaneous links in the MIMO systems. In this study, we applied joint source-channel coding with modulation scheme to design an adaptive video transmission over wireless MIMO system. The bit rates of MPEG2 video can be adaptive to associate with the convolutional channel codes and space-time block code (STBC) under the channel capacity constraint consideration. In order to be consistent with the channel capacity constraint (which is set to be 1 bit/transmission), there are three rate combination types of the joint source-channel coding algorithm as shown in Table 1 . From the simulation results, we found that the space diversity and the channel code rate both are important factors influenced reconstructed video quality. The simulation results shows that two transmitter antennas and two receiver antennas (2×2) STBC coded system demonstrates the best BER performance, while the worst performance goes to the 2×1 STBC coded system. The system performance is also improved with lower channel coding rate in the experiment. It can be found from the simulation, rate 2/3 convolutional coded system is with the worst bit error rate performance, where rate 2/5 convolutional coded system shown the best BER performance at the same SNR conditions. In this study, the proposed adaptive system can choose an adequate transmission rate and the number of receiver antennas based on the channel condition. With the feedback BER Video frame 29 Video frame 30 Fig. 13 . The reconstructed video frames of the proposed PCU controlled adaptive system. information provided by the performance control unit (PCU), the proposed system is able to choose an appropriate source-channel rate to transmit video. Therefore, the transmitted video quality may keep at an almost uniform level over a Rayleigh fading channel condition. The study has ensured the proposed system achieved a better BER performance compared to conventional systems.
